MADRONO, Vol. 65, No. 2, pp. 89-95, 2018 


THE IDENTITY OF TRENTEPOHLIA ALGAE (CHLOROPHYTA: TRENTEPOHLIALES) 
FROM POINT LOBOS STATE RESERVE AND THE SAN FRANCISCO REGION, 


CALIFORNIA 


FABIO RINDI 


Dipartimento di Scienze della Vita e dell Ambiente, Universita Politecnica delle Marche, Via 


Brecce Bianche, 60131 Ancona, Italy 
JAMES SIKES 


Department of Biology, University of San Francisco, 2130 Fulton Street, San Francisco, CA 


94117 
LEO SHAPIRO 


Department of Entomology, 4291 Fieldhouse Drive, University of Maryland, College Park, 


MD 20742-4454 
Ishapiro@umd.edu 


ABSTRACT 


Terrestrial chlorophyte algae of the order Trentepohliales are found in humid habitats around the world. 
Although most diverse and abundant in the tropics, on a global scale the group is nearly cosmopolitan. The 
most distinctive macroscopic trait of the Trentepohliales is their orange, golden, or red color, which is due to 
the accumulation of carotenoid pigments. Orange algae of the genus Trentepohlia, the most species-rich genus 
in the order, can be found growing on trees, rocks, and other substrates along the Pacific Coast of the United 
States, including the San Francisco Bay region. Perhaps the best known site for these algae is at Point Lobos 
State Reserve in Carmel, CA. The orange algae at this site are often referred to by California naturalists as 
“Trentepohlia aurea” or “Trentepohlia aurea var. polycarpa”. Given the challenges in identifying species in this 
genus and some confusion about nomenclature, we sampled Trentepohlia at Point Lobos and elsewhere in the 
region to clarify the identity of these algae. We confirm that the Trentepohlia at Point Lobos (and most of the 
Trentepohlia we sampled at other sites) are T. flava, which was long considered to be a form of T. aurea and 
was often reported under the heterotypic synonym 7. aurea var. polycarpa. Trentepohlia abietina was the only 
other species recorded and our observations suggest the possibility that in this region the two species may 
exhibit different substrate preferences (7. flava generalist on many different substrates, 7. abietina limited to 
tree bark). 
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The order Trentepohliales is a group of terrestrial 
green algae widespread in habitats characterized by 
high atmospheric humidity (Printz 1939; Chapman 
1984). These algae are most diverse and abundant in 
humid tropical regions, where the majority of the 
species occur. On a global scale, however, their 
distribution is nearly cosmopolitan. In recent de- 
cades, these algae have drawn the attention of 
specialists due to several intriguing ultrastructural 
features (Chapman and Henk 1986; López-Bautista 
et al. 2002) and their peculiar evolutionary status as a 
highly diverse terrestrial group in a class (Ulvophy- 
ceae) composed mainly of marine benthic algae 
(López-Bautista and Chapman 2003). Members of 
this group, however, were already known to early 
naturalists of the 18*® century, who provided the first 
species descriptions (e.g., Linnaeus 1753; Wiggers 
1780). The most distinctive macroscopic trait of the 
Trentepohliales is their orange, golden, or red color, 
which is due to the accumulation of carotenoid 
pigments (particularly B-carotene). Members of this 
group can be recognized as brightly colored patches 


or tufts growing on the surface of many aerial 
substrates, such as rocks, tree bark, leaves, twigs, 
fruits, seil, woodwork, -aand conercte. They .ase 
usually most conspicuous when growing in sun- 
exposed habitats, where the high irradiance stimu- 
lates the production of carotenoids. 

At present, the order Trentepohliales includes | 
approximately 115 species (Guiry and Guiry 2017), 
classified in the genera Cephaleuros Kunze, Phyco- 
peltis Millardet, Printzina Thompson & Wujek, 
Stomatochroon Palm, and Trentepohlia Martius. 
The presence of Trentepohliales in the United States 
has been long known, particularly in the warm and 
humid southeastern states, where species of the genus 
Cephaleuros grow epiphytically or endophytically on 
or in the leaves of many vascular plants (Brooks et al. 
2015). However, Trentepohliales are not restricted to 
these regions, and populations of these algae also 
commonly occur in many humid maritime areas of 
the Pacific Coast. In this case, the genus involved is 
Trentepohlia, the earliest-known and most species- 
rich genus in the order. Trentepohlia algae are 


90 MADROÑO 


[Vol. 65 


FIG. 1. 


Appearance of Trentepohlia in field populations sampled along the California coast. Top left: T. flava on rock 


(Point Lobos State Reserve). Top right: T. flava on cypress (Land’s End). Middle left: 7. flava on rock (Point Lobos State 
Reserve). Middle right: T. flava on dead cypress (Point Lobos State Reserve). Bottom left: T. abietina on tree (Presidio). 
Bottom right: 7. abietina var. corrugata and T. flava on cypress tree (Great Highway). Photos by James Sikes. 


composed of uniseriate filaments variously branched 
and joined to form dense tufts or thin crusts. Species 
of this genus reproduce sexually with the production 
of biflagellate gametes in globular or egg-shaped 
gametangia; asexual reproduction involves quadri- 
flagellate zoospores produced in globular or egg- 
shaped sporangia borne at the top of a cell with a 
characteristic retrorsely bent neck (suffultory cell). 
The main taxonomic characters used for morpho- 
logical identification of Trentepohlia species are 
shape and size of cells, branching pattern, presence/ 
absence of hair-like cells, and position and habit of 
gametangia and zoosporangia. However, it is known 
that some of these features may vary under different 
environmental conditions, making species delimita- 
tion sometimes uncertain. For this reason Trente- 
pohlia is considered a taxonomically complex genus, 
in which morphological identification can be difficult 
(Rindi and Guiry 2002). 

Many naturalists in California are familiar with a 
conspicuous orange-colored green alga seen growing 
on aerial substrates, particularly the bark of trees 
(most famously on Monterey cypress, Hesperocyparis 
macrocarpa [Hartw.] Bartel). Such growths are 
common in the whole coastal area of northern and 
central California, but are particularly well devel- 
oped at certain sites, such as Point Lobos State 


Reserve (Fig. 1). These algae are sometimes referred 
to as Trentepohlia aurea var. polycarpa, presumably 
referring to Trentepohlia aurea var. polycarpa (Nees 
and Montagne) Hariot, but most sources refer to 
them simply as Trentepohlia aurea, implying Trente- 
pohlia aurea (Linnaeus) Martius. We became curious 
about the validity of these identifications and made 
field collections with the goal of clarifying the 
identity of this widespread alga. 


METHODS 


We obtained 39 samples of Trentepohlia from 
seven different sites in the San Francisco region 
(Table 1). Most samples were collected from Mon- 
terey cypress bark, where the most obvious growths 
were Observed, but they were also found on other 
substrates (Table 1). The samples were allowed to air 
dry indoors before being placed in Ziploc bags and 
mailed to Universita Politecnica delle Marche, where 
they were processed by Fabio Rindi (Dipartimento di 
Scienze della Vita e del’ Ambiente, Universita Poli- 
tecnica delle Marche, Italy). The samples were 
examined by light microscopy and identified based 
on morphological features, using the main taxonomic 
treatments for the genus Trentepohlia (Hariot 1889; 
Printz 1939; Cribb 1970; Sarma 1986). Voucher 
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FiG. 2. Morphology of Trentepohlia flava. A. habit of 
erect axes; scale bar: 100 um. B. habit of an erect axis with 
cells of various shapes and sizes; scale bar: 150 um. C. habit 
of erect axes bearing some empty gametangia; scale bar: 100 
um. D. apex of erect axis showing apical cell with pectic cap; 
scale bar: 30 pm. E. habit of erect axes bearing empty 
gametangia; scale bar: 100 pm. F. detail of a gametangium 
borne on a short lateral branch, with heavily corrugated 
surface; scale bar: 30 um. Photos by Fabio Rindi. 


specimens are conserved in the personal herbarium of 
Fabio Rindi. 


RESULTS 


Microscopic observation revealed that the samples 
belonged to two different species: Trentepohlia flava 
(Kiitzing) De Toni and T. abietina (Flotow) Hans- 
girg. The distinction between these species was 
unambiguous and no uncertainties in their identifi- 
cations were found. The two species were readily 
distinguished based on the size of the erect axes, 
width of the cells, and corrugation of the cell walls. 

Trentepohlia flava was the dominant species, being 
recorded in 36 of the 39 samples; in 35 samples it was 
the only species present, whereas in one sample it was 
mixed with T. abietina var. corrugata (Leighton) 
Cribb. All samples from Point Lobos State Reserve 
included only T. flava. Trentepohlia flava occurred on 
tree bark, but also on wooden fences and rocks. 
Specimens of 7. flava consisted of erect axes up to 1.5 
mm tall, unbranched to sparsely branched with 
irregular or unilateral pattern, arising from a limited 
base of prostrate axes (Fig. 2A, B, C). Cells were 
cylindrical or slightly swollen, 15-20 (up to 25) pm 
wide and 1.5-6 times as long as wide, with a thick 
and heavily corrugated cell wall. A well-developed 
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FIG. 3. Morphology of Trentepohlia abietina. A. habit; 
scale bar: 50 um. B. detail of some erect axes; scale bar: 50 
um. Photos by Fabio Rindi. 


pectic cap occurred at the top of each apical cell (Fig. 
2D). Gametangia were present in the majority of the 
samples of 7. flava; these were subglobular to egg- 
shaped, 25-36 (up to 40) um wide, lateral or apical 
on the erect axes or apical at the top of short lateral 
branches (Fig. 2C, E, F). Their surface was also 
heavily corrugated (Fig. 2F). Release of gametes was 
not observed. 

Trentepohlia abietina was found in four samples. 
Three of these (Presidio 1, 2, and 3), all growing on 
tree bark, were identified as the nominate form of T. 
abietina, whereas a fourth, identified as 7. abietina 
var. corrugata, was collected from the bark of a 
cypress tree beside the Great Highway (Table 1). 
Trentepohlia abietina formed thin turfs consisting of 
numerous interwoven specimens (Fig. 3A); each 
gpecimen -consisted of one or more ereet axes, 
unbranched or irregularly branched, up to 500 um 
tall and arising from a limited prostrate portion. 
Cells were cylindrical or swollen, 7.5-10 um wide 
(Fig. 3B); small pectic caps occurred at the top of 
many apical cells. Gametangia were abundant, 
globular in shape, and 15-20 pm in diameter. In 
individuals from the Great Highway, the width of the 
cells was higher (12—16 um) and the cell walls were 
moderately corrugated; based on these characteris- 
tics, these specimens were identified as 7. abietina 
var. corrugata. 

After examination of our samples, we conclude 
that T. flava is the dominant species of Trentepohlia | 
at coastal gites in the ‘San Francisco region. 
Trentepohlia abietina is also present but, based on 
our limited sampling, does not appear to be as 
abundant as T. flava. Our results also suggest a 
possible ecological differentiation between the two 
species, with 7. flava able to grow on a wide range of 
living and nonliving substrates, but 7. abietina 
possibly limited to tree bark. 


DISCUSSION 


Trentepohlia flava is a well-defined species, whose 
taxonomic circumscription is now well established 
from the morphological point of view. It was 
originally described as Mycinema? flava by Hooker 
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233 55 and Arnott (1832) based on material collected in 
2 a eo Se Š Concepcion, Chile, from leaves of Quadria hetero- 
3 ee ee e phylla Ruiz & Pavón (now Gevuina avellana Molina). 
A Since Hooker and Arnott (1832) were unsure of the 
placement at the genus level, Mycinema? flava is a 
taxonomically invalid name and the name of the 
p” species was nomenclaturally validated by Kützing 
a. (1843) as Chroolepus flavum, the basionym of T. flava 
= (Kützing) De Toni. Cribb (1970) provided a detailed 
© morphological circumscription of 7. flava based on 
= S examination of the type specimen of Mycinema? flava 
2 S z and other important herbarium specimens. 
= E = Rindi et al. (2009) sequenced the rbcL gene in 
£ s: = specimens identified by them as T. flava. collected 
Wee eae k from a coastal area of the Atacama Desert, Chile, 
55855 e and from Inverness, Tomales Bay, California (a site 
+ í ° _& located about 200 km up the coast from Point 
6 © 3 S899 = Lobos). Despite the great distance between Chile and 
a _ _ T a Ë Ë = California, these specimens had almost identical rbcL 
sequences, strongly supporting the conspecificity of 
the two populations. This suggests that T. flava 1s a 
widespread species that has a continuous distribution 
o sss ma z along the Pacific shores of the Americas. Our 
BIBRBBRRRAG specimens from Point Lobos are morphologically 
q ear i es Se identical to both the Chilean and Californian samples 
seer | en a; sequenced by Rindi et al. (2009) and agree well with 
the morphological circumscription given by Cribb 
(1970). Thus, our identification of Trentepohlia flava 
from Point Lobos is strongly supported by morpho- 
3 < < < x C x < x logical evidence (which indirectly suggests also a 
sic. a a. likely molecular identity of rbcL sequence with the 
3 | & G C c cç cs G material from Inverness and Atacama). The thick. 
heavily corrugated cell walls and the tall erect axes 
(unbranched to sparsely branched) make T. flava a 
$. morphologically distinct alga; these features are very 
~|2Z2223323? consistent in this species and were also observed in 
opa? io specimens from the Oregon coast (Rindi unpublished 
5 SEESEES Ë data) and southern Africa (Rindi et al. 2006). 
Slesessgeges T rentepohlia aurea, a name often applied to the 
ANANN Q Q O Point Lobos algae, is the type species of the genus 
and was originally described by Linnaeus (1753) as 
Byssus aurea based on collections from Europe 
i, T w P (Wales and Italy). The morphological circumscrip- 
° s< s =s s s S s s tion of this species has been the subject of some 
s 2 £ 2 2 = 2 Z E debate and numerous subspecific taxa have been 
2 | © ante owe cA erected for it (see Guiry and Guiry 2017). For some - 
”A\SSesesae time, the distinction of T. aurea and T. flava was 
Fe eee questioned by some authors (Hariot 1889; Printz 
1939) who did not separate these entities at the 
species level; they considered 7. flava a variety of T. 
<0 na aurea, reporting it under the heterotypic synonym 7. 
° TETE. aurea var. polycarpa (based on Trentepohlia poly- 
ILLL < <<< carpa Nees & Montagne, now considered a hetero- 
= AESESESESESESES typic synonym of T. flava). Cribb (1970), after 
= examination of the type of Mycinema? flava and 
Ë other herbarium specimens, concluded that the two 
° entities are different species, arguing that the wall 
k _ ornamentation of T. flava is a stable character 
ee w. distinguishing it from 7. aurea. Based on our 
SLE e tr es es experience, we agree with Cribb (1970); in the past, 
ee — one of us (F. Rindi) has examined numerous 
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specimens of T. aurea from Europe, all of which 
differed substantially from T. flava and never showed 
heavily corrugated walls. Some of these specimens 
were sequenced in molecular phylogenetic studies 
(Lopez-Bautista et al. 2006; Rindi et al. 2009) and 
molecular data supported the species level separation 
of T. aurea and T. flava. In molecular phylogenies 
including samples of both species (Rindi et al. 2009; 
Nelsen et al. 2011), T. aurea forms a strongly 
supported clade well separated from 7. flava. During 
our survey we could not find any specimens 
morphologically referable to. T. aurea and we 
conclude that, at present, the occurrence of this 
species in the San Francisco region cannot be 
confirmed. 

We refer to Trentepohlia abietina the three samples 
collected at Presidio (1, 2, 3) and to its variety 
corrugata, the sample from Great Highway. Trente- 
pohlia abietina was originally described by Kützing 
(1845) using material collected from the bark of fir 
trees (Abies alba Miller) at Hirschberg (probably 
Hirschberg im Riesengebirge, currently Jelenia Gora, 
southern Poland). The morphological circumscrip- 
tion of this species is generally straightforward and 
records of it are available for temperate and tropical 
regions throughout the world (Printz 1939; Sarma 
1986; Rindi and Guiry 2002; Rindi et al. 2006). It 
should be noted, however, that reliable molecular 
data for this species are scant and currently 
insufficient for an accurate phylogenetic assessment. 
Lopez-Bautista et al. (2006) sequenced the small 
subunit ribosomal RNA region in samples of 7. 
abietina from Ireland, which indicated a close 
relationship with T. umbrina (Kitzing) Bornet, T. 
jolithus (Linnaeus) Wallroth, and Phycopeltis arundi- 
nacea (Montagne) De Toni. However, in subsequent 
studies other samples morphologically similar to 7. 
abietina were recovered in different positions in 
molecular phylogenies (rbcL phylogenies reported 
by Rindi et al. [2009] and Nelsen et al. [2011]). This 
suggests the possibility that the morphology of 7. 
abietina may be shared by several cryptic species not 
closely related from a phylogenetic point of view. 
This would pose a major problem for the correct 
identification of the species and the correct applica- 
tion of the name T. abietina. This issue can be 
resolved only with a large-scale reassessment of the 
species, based on a molecular dataset including 
sequences of specimens from the type locality, 
Hirschberg, and many other locations covering the 
whole geographical range of the species. Since such 
data are currently not available, we base the 
identification of our specimens on the traditional 
morphological circumscription of the species estab- 
lished by previous authors (De Toni 1889; Hariot 
1889; Printz 1939). 

In conclusion, we confirm that specimens from 
coastal areas of California previously reported as 7. 
aurea var. polycarpa were correctly identified. How- 
ever, this alga is no longer considered a variety of T. 
aurea and we recommend that these specimens 
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should be referred to as T. flava, which is presently 
the accepted name for this alga. 
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